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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
semiconductor device which functions as an MIS 
transistor having a low threshold voltage and a wide 
operating voltage range. 

SOLUTION: This HDTMOS has an Si substrate 10, a 
buried oxidized film 11, and a semiconductor layer 30. 
The layer 30 is composed of an upper Si film 12 and 
epitaxially grown Si layer 13, SiGe film 14, and Si film 
15. The layer 30 also has a heavily doped n-type Si 
body area 22, n — type Si area 23, SiGe channel area 
24 containing an n-type impurity at a low 
concentration, lightly doped n-type Si cap layer 25, 
and contact 26 which is a conductor member 
connecting a gate electrode 17 to the Si body area 
22. By introducing a material having a lower potential 
to a carrier at a band end where the carrier runs than 
the material constituting the body area 22 has to a 
channel layer, the operating voltage range of the 
HDTMOS is expanded while the threshold voltage of 
the HDTMOS is maintained at a low value. 
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±e***>— btut*m»m t , 

±E¥»f«lo5*>±Ey-* • Ku^ySOTWil 

10 

±e¥3mwi co 5 * ^mmco mr** 

*U ±EJB 1 9 fc*ir y Tj&SjfefrrS'O' K 

frd^b * S« 2 #®§!Jco tfx >f fc , 

[»**2 ] 1 |B*<0***»«^*3^-C, 

R^ofyjKRttktb, ±B* 1 J: 0 fc^!)r 

^jfeff-t-S^v K^o^f-r y Tlc*f-i-£zKT- w^/^s 20 

£^»£i-S¥3««£Bo 

[R#* 3 ] If l Xtt 2 ERoH^ftttBl^fe^ 

4 ] 1 - 3 (7) 5 *>^-f*xa» 1 OKE* 

CO^Sftc^gfC^T, 

±E^+*/HB*tt±E#7 ? >f«*J:iJ fe l/i Oi^T 

<omk&<o^mo - 1 t -r s ^aHMSB. 30 
[»** 5 1 r*^ 1 ~~ 4 co 5 *>^-rM* 1 otciE^ 

±E^-h**tt, asi*«s^#«»sr^tf^y ^>y =» 

[W** 6 ] Rjftig 1 - 5 Ett<o¥Wfle3£Hfc*5V * 
t, 

±IE^ j r^/^*^^"t'5mico^^> 

±E¥a£#Jitf>— SBfciWt, ^^^/^co^*6«cot£»«: 40 
B6lh-rSfc*<Offl«T-*)or. 0. 0 1%^1T2%£( 

[R#Jg 7 ] R#*I 1 - 5 co 5 *>^T*xa> 1 oKEtt 
±iajlO***liSi WGe 

mm*, 

[»*«8] »*3S7Ett^^*i*:3SB^*5V^T, so 



±Ey-h*6i»IBi:^-v^**^BB*c:K»tP>n, Si 

[r#* 9 1 it 7x^8 KM<D*m#mmzis\, - 

±IS ^ «v * 'H?S*£ tt p 7 -v * y u ffl co 9- -y * /HS*£-e *> 

[R*S 1 0 ] if #JS 7 Xfcfc 8 Ett*>¥WfM£BK*3 
±E^ - V * /^»4fitt n ^ -Y * >^ffi co ^ -y ^ J\»WiL "0 fe 

mmmi u R#*9E««4^*MSRfc:fev*T, 

±E*«±J-«Jtbttfct5 lo^ifrih 
±IE*>5 loco^^Jico±(ciS(t^tufc^ 9 loco^ 

locoy-Mfej^JKco_h(cRftbttfc^5 10 
coy- hm^^r, 

±E& 5 l oco^ft:@co 5 *>_bEt 5 l oco^— hm 

±Et5 lo<z>**«cJB^5^-bEnSiy — ^ • 
^««IHlCffifii-5fliJ|gE*C»ltbn. SiMGe^ 

±15^9 lo(0**#:JBco5^±En^-v^ffl(7)^^ 
^^^coT^JcRSt^tb, Sid»b45pi#T-f« 

±Efc5 loco^- hWBjr^Epai^^m^trflt 
1 2 ] fltJfcJg 1 - 5 co 5 ^v^-ftv^^ l o(c|E 

1 3 ] R 1 - 5 CO o tb^^-rtlfr 1 o(c|E 
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[§f ** i 4 ] it** 1 2 xtt i 3 K«t<o^m»mu 
[if** i s i it** 12-14 KMto^mttmmz 

±!2y-* • KWy««(lpiy-^/ KW>S« 

±12 ^ - V * /MS * tt p ^ z^ffl <£> ^ - V * X* 10 

9, 

[ff ** i e ] ff ** 12-14 IS«^^«ft:^Bt- 
±12 y-* • KW^Wniy-^ • kw^«« 
±12^ *yv«*tt n ^ * A-ffl co^ * AHWtf-e* 
±15 zKt* >f ffi (Ipl^r^ 4*{R fc -f 20 

iB^ifcRitMxfcfcJ lo^i^f^ 
— MftfMKfc* 

±12 fc 5 1 owfJHfflro 9 ^±l2fc 9 1 o(DV— hm 
TtJf fc LT^frfg 1 <7>*«flc^P>*5 n ^-^/Ufflco^ 

ir-^HMEfc* 

±12 1 5 1 00 h mis fc ±m P ^mmtzig 

X_„ 40 

Wtfif^-f * fc UMtSCt *r1Wti: 
^io 

[If** 1 8 ] ft** 1 - 5 CO 9 h^^-Tti^ 1 ofefS 

±E*lW*aifl:f±S i , Ge»T*C&fifc#5c**LT 

±B2fg2<7)^#teS iT^6:^#»tt6^ 

[If**l 9] ff**l 8K*<Z>¥**»«fc*3^ 
"C, 50 



[ft** 2 0 ] if** 18XB19 Etto¥*tKKB 
±12^ - v * i± p ^ -v * ^ffl ^ * *> 

[11**2 1] !f**l 8X111 9K*<B¥#f«K« 

±12 y-* • Kwy««ttn!y-^- kk^W 

±12 ^ ^ * /Hfi % tt n ^ -y * co ^ -y * /i^J^-C £> 

±«E#r r -f p S!*^ w £ r fc fc "t~ 

Iff** 2 2] If** 2 OEttO^WfMSItK::^ 

±lE£ffi±l;iRtt ib^fc fc 9 1 oco^Wft* fc s 
±f2fc? lo©**fl:Ji<z>±^HJtfe*tfct>5 l ocoy 
-MMWfc, 

±f2fc? 1 ocoy- hJ6jRK^±^Kft?>ttyS:t 5 lo 
60^- hSffifc, 

±iat 9 1 oco^^go 0 *>±i2fc 0 1 ocoy- bm 

«OfflM#tCRtt&ft;fcnS!y— * • Kl^T^ffittcfc. 
±f2fc 5 loco^*^jlc0 9^±|2n^y— ^ • KW- 
^««BBtCffi«-rS«*^RJte>ix, Si, GeMC 
^t^^tu^ fc L "C*tf n ^ -V * /Wfl * */HB* fc s 
±12 fc 5 1 oco^^gco 9 *>±e^ir*/i^i«^T* 

±12 fc 5 io(oy- h«®fc±l2 P ^^T r >r«g«fc^« 

[If** 2 3 ] If** 1 - 5 co 5 fei^-fixa* 1 o{cS2 

±B2y-^ • K^>««lipiy^ • KKvW 

±IB^^-*/u««fiS i RXfG e SrfiK^TcSlfc LT^tf 

±E^r r -fffi«tiS iHftSnS^^fSiS-C*)!!), 
±12 p ^ir^fflo^-r ^/u««(0±BaX»iTfiaO 3 % 

Tn^fc LT^tf S i C/f fc, 
±IBK«±*cRttt>n/tfc5 loco^jgfr^fc, 
±!2fc9 ioco^^60±^itbtt/cfc5 locoy 
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±mh b l i<D^mfcm<o b h±mh b i o<DV— hM 
list) 9 1 0(^^1(0 3 ^±EnMV-^ • KW 

_hlS n ^ -r ^> /uffl -r */Mfi«0>-h® X teTffio 5 t> 
V^-fiX^— #<D®Ulg*LTRtt£>**L, Si^Ge^ 10 

[11*92 4] f***2 3fE«^¥«te^MK*5^ 
t, 

[1***2 5] 

±&¥m»m<o o *>±Ey- hWffioffifla^KRf* 30 

fcn^coy— ^ • KU-f>*l«t, 

■f S««fcRtt ?>tt, S i &tfG e «rj*#5c* £ Ltt 

tis S i 4rriJ»5c»i br*^±E» 1 CD^*ft:J;9 t 
^•f y T^^Tt?)/^ K8B y 7(C^t6^fy 

tf ^ -f «« *:« r v > 5 ^^frglo 40 

[§*** 2 6 ] 1*** 2 5 K*©¥Wff»«K*3^ 

±IS¥z»flcJl CO 9 *>±IE^ ^ t _kfE^~ h &iK 

JR^MfcRttbix, Si^Tcitlt^ pi* 

[f*** 2 7 ] I**il 2 5 2 6 IB4KO^«ffKK 



[1***2 8] 1***2 5-2 7 CD 5 ^^-ftl^lo 
[1***2 9] 1***2 5-2 8^H^f^lo 

^x^y ^>y zj^^/^=i^mcx K*ffi&&tix\,^z> 
[t*** 3 o i i*** 2 9 ^mm<D¥mfcmwic£>^ 

T\ 

±lB«l<Z)*NIMfrW:S iGetfc?), 
KJhi"6fcit>0^^cT*foor. 0. 0 1 %£l±X2%£X 

[ft** 3 1 ] f*** 2 5 — 3 0 CO 9 t, v vffta* 1 O 
±E* 1 <0#*»tt S i G e Tfe t) > 

it*** 3 2 1 i*** 3 1 KML<D¥mftmmx-&\< * 

r, 

_h1Efc 5 lo^y- h|ft««o±^R^e>tt^ifc 9 lo 
±mhb l <>(D¥mftm<D b b locoy-M 

«<oH«*^RitP>nfcpffly— ^ ■ h*i"C>mmk. 

±mh b io©fi(M©H±Epiy- * • KW 

^««IBt!:ffi«-r5««^RJtP,tl, SiGed»6ft5 

JilE^afflsJl co 5 ^_b|E p ^ co ^ 
T**ilRltfett, nS«^Si^f)/^ni^ 

^Ho 

[1***3 3] 1***2 5-3 O^^^fnMo 

±BEM 1 <D*mm* S iGeCtfc^ 
±f2»2CO^*fls:(iS i tifeS^^iSattS*** 

[I*** 3 4 ] I*** 3 2 EttoH***SCK:*3i ^ 

±KK«±l-RW6ttfct>5 loo^Mfc, 

±fB*>9 loco^-hte^co±(cRftP>tt^^9 lo 
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JblEfc 5 1 oco*SMtJB^)5 ^±BEpMy-^ • KW 
>^«*IB«cffi«i-S«l**cH*tbti„ S iGeCH4 
S p 

[xn<omnftK9n 

[0 0 0 1] 

ttf«S:Wt5DTMOSi)5V^MI SFETiLT 
[0 0 0 2] 

»»**«tfi-fc*«c, SiiSjf^^«tt(c-rsr tft< 20 

[0 0 0 3] ^rT% #Jx_J;£:£Sfc (F. Assaderaghi et. 
al., "A Dynamic Threshold Voltage MOSFET (DTMOS) f 
or Ultra-Low Voltage Operation/' IEDM94 Ext. Abst. 
p. 809) ^m^^tlX^^X Z<D£ 5*raJHSr» 

^^tt^T^^^tt, DTMOS (Dynamic Thre 
shold Voltage MOSFET) tWH5^Wt|i$tttl/> 

[0 0 0 4] Hl&t5Bl2f±, ffi*ODTMOS(D*g 

j$*WDTMOStt, plv^ynylg (p-Si S 
ub) itditfc&^IjMfciiBIJl (Buried Oxide) £ g«?§t£ 

So ^tt, StoDTMOSli, 

vt»$>tiitt?— vmrnm (s i o 2 ) t> y- h u + 40 

poly-Si) t , S«f£14fiS«<0 b h (Dmtit&lZtSL 

■i-5«*JJiKJte>ixfcy— ^ • KW>W (n + 
Jf) <h> £«Stt««0>p*>y-* • KW>*«Mi- 
fit t SS^IuRlt ^fc^ t (p/ico^co 

M^r^iEVgMn^w^ ^^ir 

wr^KVg t IWJ 5 o 



8 

^nis*^]{c/^^r^$ttr^< fc* an i C/Wnft 

V t j&SffiTLTVN< 0 
[0 0 0 5] rOip^DTMOSft SOIlSCl 

r% y- h K^>r u BnAdsy 

L<tt7Ci-^ 0 3=fc, DTMOSm y-htft* 
*fRl«#^ii^<7> h7^^ ictt^T « L < /h £ < ft 

So 

[0 0 0 6] rco J; 9 DTMOSH n^(^y— h 
"pI(O^T> (-<— ^) -ni(7)y^iS (31 * y 

JSV^TWt, fSL#V^«flEo*9iStKR«£E-ei«51»f^ 
[0 0 0 7] 

5ftDTMOS*jg<Z>»g\ ^^WMii^lJtS 

fc&^n y— h^^p-rsmffifi, st*!*©**^ 

-/Kxwr^tc^Hsy- h»^fctt^f>fi® a*^ 

y- h^r^mEEv g ^mjE) a*o. 6v 

tmm^z < ftsfc^r-foSo 
[ooo8]i7it Kw^m^&t^x^m^y 

^tit'fe6 0 ^l»tV«li«(7)DTMOSOK 
Kyfll d^r^L, iV«^^DTMOSCO 
#r^t«I b^r^-To fcfcl, I^IUtc joVNTfi, pf 
t^/^MOS h^y^^^^trlfHaDTMOS 
Co^TV ^ ^ t — '>3>tt^60t\ y— 

osof^ctt y— h/<-rr^mEE^iEr^So * 
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X 1 0 18 atoms • cm" 3 , y— hfijfiS 0 . 5 v m x y— 

i:^ta*^DTMosm y-b/^7^«Ed5 

0. 6 VKitcftafctfT^fcSGl bdS*ffi±BBBt4 
5fit «10- 9 A) a±i:*#<45©-C, rtb^H]® 
i--<<, «if^«flE«H3&s*«>T*<l8*Stt6r^:Jc:ft 

[0 0 0 9] «(7)DTMOSi^V^(t L# 

T^(Z)pl^^(7)M^i; 5-3X10 17 cm- 3 l 
icy- h^SfiWJ; <{E;b<b-f , CRjB3835S^-f^ 

[0 0 10] £ bid, ^T :^ ^(D^^^^ig[^{g;V^/'C^ 

tt. y-M^v^tai, y-* • vu^^mm® 

[o o 1 1 ] *»Wa>BWW\ L£vMB«JEtf>iSv\ n 
Ifi^^i^lMi^^DTMO S £ LTSfclt 

&¥ttflcSB0>JlfK«rB * - fcfc So 
[0012] 

Sttti:, ±E*S©-«»cKit b*ift^m»mt. -LIE 
y~* - KK^Wi, ±E¥«**o5*>±SEy- 

^ > i/^r # v ^ 2 o^jm*^ ft a gs 2 « m^<£> 

#tV««£, ±«y- hWKJr-LIBtfT^ 

[0013] 9, y- #7* 

£^MJftJ£*x<5 0 tit, 7^ir*/i^*a $ #7**fM6S: 
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^f<t5wtmSc Ifc^ot, K W 

*U ft^^Iti5K^yS«<i:^f>f (y- 

h) m>Mt<Dmm±irz><DX\ mv^rn^m^^ 

[0 0 14] ±1E*W#:JB«>5%±ia^-Y*/Hi*i± 

^mzzhicm^z^ kizx*)^ y-htei»«*m«w 

y- Mi t ^7 W ^ ^iM^jfcM ^ ti t v n 

%<dx\ ?—b/<4Tx&m<Lxh?-hmMmk* 
20 y ~?m t <d m m ^ * -» £ c & r t & 4 v \ 

[0015] ±KSffi <t t)f±^iitef^{a 

[0 0 16] ±f5^--r^y^«^±IS^7 :r ^«S«<t 9 fc 
l/l 0KT^fi»«o^F#B*«r'S'tPwi:^J: 

H5COT% ^r-y y T(75*fTiSffi<Z>ffi:T^«Iffl|$tt6o 

[0017] ±iay- » 1 »«ai^#B**^ 

tf^y ^>x^^y ^>y ay^w^^ia.^ 

[0018] ±K^ir-*/H!«**«*i-5» 1 
tt, '>4<HS i **»5c*^ IT^T^^ ±HS 

i-Syb«XDffl«T**>oT, 0. 0 1 %£X±X2%£XT<D 

[0 0 1 9] ±is^ico^^fis i (i/yay) at; 
[0020] _h!Ey- hJtejRMt^^^^«*6ora*cR 
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= ^mitmizL x o r«*-r s r * ^ pt«b * s 0 
[0021] _hiEy— * • KW^««iipiv-^ • 
Ku>r^««-e*>o, ±E^**/Mfi«tep^*/Wfl 

*/Wfl<0^**/i^«^fc!K iE^T^fflWcttpStf 

T\ Silo h 7 y ^ ^ SrMt 5 - i S 0 
[0 0 2 2] _hf£|g 1 (D^mmZ S i , G e RtfC 

»5c.*t LT*tP^*ffT»*>5, ±ESB2 0¥««ttJ:S 
i-CfeSr^a^ S i /S i G e CS^frSfBJC*fiRS 

[0 0 2 3] _LfEfg 1 (D^flcti, 3lo3§«9 M^£r§tt 
/cS iTfc^ ±EJB'2 <z>¥*ffrtt* L 
fcS i G e -efcort 

[0 0 2 4]*»$2(Df«*gt^ MRfc* ± 

IB^ffiK-f-Sfli^cKftfett, S i G e St/S^tcS 

%J:E^-^*/Hi«<oT**c:KWe>ix, s i «r*»5c* 
t LT^±IB» 1 »9 fc*^ U T^fTf* 

0>¥Wtta> pS^Mfe^tf^^W^cirSriB 

[0 0 2 5] _hE^*Sco 9 *>J:E^ir*A'«tt£ ± 

tay- bfflumk<Dmz»i»t>ti* s i&j&ftytmkL 

Si/SiGeg^JfflUnft^HM 
I s by^^xftimbtiho 

[oo2 6] _hisy- nmstJiEtfT* 

Jz<9, DTMO S i Lt««t5**{H6WS#6,ix 

So 

[0 0 2 7] ±E*4R<0*J>tt < tfc»±SR«:Jftlftft:fcj: 
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[0028] ±e^- httffifi, ft i mnm^mfo*^ 
&#y >-y =^xi*zKy ->y ^y^^^ia 9« 

[0 0 2 9] ±ESR 1 <D*mm± S iGeCtfc^ ± 
[0 0 3 0] 

V\ S i/S iGe^fog^^jffltfcDTMOS 
10 (^JLT. ^rnDTMOSX(iHDTMOSa^) <£> 

[0031] 03 (a), ( b ) , ( c ) I3\ *tl?1n 

Pitc, *sm«©hdtmo s©*as:«awi^t 

spffiH, H3 (a) T^i-IIIb-IIIb»fi*3ttS»f® 
EL d3 (a) -e^"J-IIIc-IIIc)»(C*5H-5»rffi0T*> 
5o i3 (a) - (c) (O^fJ: 9 l;:, *HJ6JKIBOH 
DTMOSfi, p»SiSil0h SiSlCi* 

Ktefill l h l<7XLKRtt£;ixfc¥ 
20 **i3 0^tUt^ e ¥»*13 0H SO IS 

fcS i^^/7rH3t, S i/<y77ll 3(7>±iCU 
HV-CVD&Ci fl^tf^^/WSS^jft/fcS i G 
egl4t, S iGeIl4(D±iIUHV-CVD^ 
J: 9^Yf**isvAs&&£ti1tS i Kl 5 
tlTV>5o HDTMOSft S ill 50±C 

y— Mbwn 6o_b(cR^bn^y- Mil 7 

30 ^^fxtVN5 0 ^Lt, »I3 0, o^DJb^S 
iI12, Si/<y77ll3 f SiGeRl4MS 
iBl505 Mi 1 7 coWlJ^icfig-TSffi^ 

t-tt*»ffiWp^*6*^tpy — ^ffl*S2 0 a&tf K 
W^««2 0 bJfiSR*tfo*tTV^5 0 JigPSiH 
1 2 CO 3 -h y — * W£ 20a<[:KM >f!MK 2 0 b t <D 

22^^0X^19, S i^y7ril 3(7)5^S i^f 
-f«*2 2 0ie±|c(fcflli-5«I«tt. fiIS©nl5F« 
^^r^tpn- Sig«2 3tftoTV>5 0 ^lt, Si 
40 G e JKl 4 CO 9 ^>y — ^^i^E2 OaiKK X«*2 0 

iGeft^i*2 4i:^oT*3^ S i Kl 5 CO 5 

l^ms i^t5//l2 5<i:^ot^6 c * 
fc, V— Mil 7 <h S i *fv f >f««2 2^^^C 
«9tt§»ft»#-C*5 3V^^ h 2 6a5Rt*b*VCl^ 
S e 

[0 0 3 2] *3t, i4lt *Ite^l(7)HDTMOS 
so ^Mll K7)I$I«1 OOnmT'fe^ ±fflS S i 
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112Wf^|j:|i]l0 0nmtfc^ Si^77rH 
3 (DW-Zj-tem 1 0 n mt'fc 9 , SiGe§14 <7)Ji:^{j; 

1 5 n mTfo 9 , Sill5 <7W^te*\J 5 n mT*fe 
5 0 S i ^^^^2 2(C(i, Si/<y77ll3©x 
t°?**S\Jl'$L%:<nm\C s M^IXIO 19 atoms • 

AiCi^A^nTV^ n- SiW2 3Clt « 

V^£ 0 S i G e f t 2 4 WG e 4 0 

%X&V, SiGeft^Si2 4C{i, {S^ffico n 

m^nm tw^ii'tixiiyv) ^A^ttxv^o * 
s i sta*, i&mm<Dnm^m%) m 

6fl. s ill 5^^^b1-6r vmtfitstitih 

CDX&>Z> 0 hm^l7iCfi, I»^ 1 X 1 0 20 at 

oms • cm- 3 Op^^F^ (0iJ^L^^n» & K~ 
tlTV>5o Mil 7CO{Rlj®_btc|^ > v-yn 

[0033] H5fi:. Si^rt5'7 P l2 5, SiGef 
t^««24Mn- S i ®4fi2 3*iiiS-r^Brffi^ 
:fcstf K7 7^ ^ > h^fx^/i/^- Kit* 
&>5o G e 4 0 %(D S i G e f t ^^Sl 2 4 

O/^K^ty^ll Si^t^l2 5Mn- Si 
fiHgc2 3lC.tt-<T. ^}3 0 Ome Vffit/J^<^5C0 
T\ SiGeff^Ui*24^Si^ty7 P l25^ 

tfn- si««2 3t«cit 

[0 0 3 4] IH6fi, hSSl 7, ^- MfiHRl 
6, Si^^y/12 5, SiGeft^«24, 

n- s i m2 3ms i 2 2*mwrz>mm 

-Cl^ft^2R!B"t\ SiGeft^W24WSi^t 

LfcDfl«ds»rtSix5. ^tr, ^htlii 7 <b s i 
tfx-f »«2 2 t*s*«W*c«M«Sixfctt«"C. K 

m^i 7cy- b'^rxmiE&ftVMZtixi), v 

«il7iSi*7 f -f««2 2tfi«fflSH:tfiiail* 

fti" 5 6 a L^oT, «*WSi/SiGe 
-AfDMO S FETI^^tS i ^-y 2 5 

WHDTMOS(CjoV^T(j:4i:i)Ii:^^^o 

^r, S i G e 4 tttJJiJ^tt^tUS, 
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[0 0 3 5] H7fi, ^P^OS i /S i Ge— xojg 
^HMftSpf+^lHDTMOSi:, Si^ 

yfffild, #7^««t I b£=fc % S i TK-r-f ffl«tc*5 
ttS^FWfeiBSnb ?rixi0 18 c m" 3 fcLTV^o 
B©*V«»ttffi*»DTMO SO Kl^^f I d£ 

»*iSir«ODTMOS©^r^lII b£r 
10 Tjk t, *V^Hitt#|gM(OHDTMO KU'T y«« 

t^t I b ^^f 0 ^^i/^lz-i/gyii, KW>t 

lid, KSfg i b*jc, Si^r^WM* 

n b tfS 1 X 1 0 18 atoms • cm' 3 , >f— h5^S 0 . 5 jz 
nu y-htegJg^f^Tox^l OnmTfcSt Lt# 

[0 0 3 6] HsJEIfc:^- <fc 0 s ?**/lfflgl&'<> K 

VMtmEE^O. 2Vg«fi</j:oTl^ 8 o£9, (U6 
(C^^-J: oftS i G e^-V^/l^«tt2 4JC*5*tSffiflt J ?" 

WMBtf)^/^— u^^^od tmo S < 

S i *f f -f««2 2(Dil^W(Dx^;^-l/^Hj; 
KODTMOS <tf^C-e&<50-C% f^/f-7F 

MOS^T-fSII b [Clk^Xi&K /jlotl/^o 

[0 0 3 7] H!8ii s #$8^05 S i/SiGe-HDT 
MOSt±E«^S i Wg^fDTMOS tt'L# 

MOSOKW^Mi d£r^U jHBv^j»fiSe*OD 

HDTMOSWKW>tSl d^L, 
»^HDTMOSO?J?f^l«I bSr^t. r<7»^ 

^u— ^ 3 yit Ki/-r>m«Lid, ^f-ftsib* 

1 0 nmt^5 ^ Lt#btl/ct)(7)t'fc6o fcfcU # 
PI^S i /S i G e -HDTMOS(C*3tt6 S i tfx 
>f fKJfiO^FttttifcgE nblilxlO 19 atoms • c m 
so " 3 T\ t£&CDS i tf^Jg^^DTMO S <£>#7* f W&<Z> 
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raWInb li2X10 17 c m- 3 t LT^5 e 
[0 0 3 8] I^IH^i-J: 0\Z S WJOHDTMOS 
i:«(ODTMOS tX >-m%t I dCO^— h^-f 

T^fe#i4^fi^#L< Lfc^, ^PJOHDTMO 

TMOSia^^ ^^^^W^L^/*^ K^rir y7<D'b 
gfc£«9,^0. 2V«*t«lfWtBE«H*lt*-#-6. L 

[0 0 3 9] i9H #$8I§J3<Z>S i / S i G e -HDT 

Wg(Z)jtWg/Lgtt2 0tLt^So f^HIiC^^tt^ 
J:5i-> *JS^OHDTMOSlCio^tli, ^-bgL 
g^rM<LTt>, KW^li I dRXfitfy** WMl b 

[0 0 4 0] Ell 0H, fi£&CDS i /t^^iDTMO 

mae id, ^f>ri«i b(D^-h/^r^is#t^ 

DTMOSl:fcl^il ^-^Lg^O. 2 5AmW 

[004 1] HUtt, 89, B i-oof^^e>** 

£>*X5*3§IUfa>S i/S i G e -HDTMOS ts 
COS i ^^fDTMOS i:coL#VMemiEcoy— h 

TMOS(Cit-<S<t, W^WHDTMOSICM^T 
fit, h^L g£M< U^ott, L#i/HK«JEtf> 

[0042] HI 9, Ell OSt^Il l^b^TcOr tdS 
t)^-5 0 «<7)S i*^g^lDTMOSlCfcV>t(j:, 
y-hSLg^0. 2 5 /i t L#VMH«E 

dS**fc^ki-6*S % «^^>HDTMOSI3^T 
fi, y-FlLg^0. 1 AtmJ^T'COi/a^ — h ^^^/^ 

^Tli, f t^/UfiS^/^y K^r-y ^^cO/Jn^^S iG 
IDTMO S H§lC^or i: ^T*# 5 B Lf^oT. 
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[0 0 4 3] £fc, 09SrA"Ct^SdS, y-ML 

^rty^/J^V^S iGelCio-CMf^rtt', ^ 
10 x-f ««<0^ttfe»fi£i*< Loo, ffl^-v^WbSrEI 

[0 0 4 4] H 1 2 tt, ^IPJOHDTMO S C0<^— h 
/^T^-^-f ttSJ I b, KKV»I dittos 

i G e ^^^yu*«(O^M*»fl[flfe#tt$:^-riilT*fc 
6 0 I^HUC^-TJ; SiGef^/V««OT«» 
1 X 1 0 18 atoms • c m- 3 

altera:, >«aei d^^t<^Lt, 
20 d t tfr-t mm i b t oi^/j>s < * 9 , ©jf^mEEfiiH 

M«J»ffij&S#J l x 1 0 17 atoms • c m" 3 SlTXfotltf, 
Vh£<> ^o, KKylffildi^tllbt 

[0 0 4 5] £l±<D&miZ7f:1ri/* zl U—i/s 
&b£>Z)t, *$£W<DS i/S i Ge-HDTMOSiC 
*3V^Ttt, S i 2fC7 f -f««2 2 0>^*B»»£SrBi< > S 
30 i Geft^I«2 4co^^»S?r®<i-5r £M 

[0 04 6] fc/cU Si^f>f««t22OTffi»»S 
^o, S iGef^r^U««2 4W««8S 

i Gef-^^S«2 4£#U&i-3 SiGelH^x 

y>u-tx{Cjo\,^X, S i ^f>f«iS2 2^OTMW S S 
i G e^-r 2 4tcttRLftl/>«fc 9t-X^"T5^ 
40 t^fi^-CfeSo 

[0 0 4 7] 11 3(1 *HJ6^ffiO^J|0«»J(c:ffi5t£» 
Klhl^^lj*/iHDTMO S CO^iJ^^-r^rffiUlT^^o 

H I 4 (C^fH D TMO S OMC^D ^ t , S \ s<y 
7ril3^ SiGeBH^BC, C — 
» *m0. l%^Si|gl8^ ^^-tfflSiH 

i 9 k&Tjjfrt>mizmm£tix\,^z> 0 tit, sig 

e^-**/i'«fc2 4(DT^tc^, C^r^lO. l%^trn 
- S i @2 8 i:, ffi»£<Onffl3F«»fc-£trn- S i 
so s<-^m2 9 4:dST*^b«»cK*te>ixrv^ 0 
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[0 0 4 8] ZLtD&B&Hz&Zt* C£0. 0 1%— 2 
%«*.«<>. l%gK$tfn- Sil2 8^t5^ 
Si#7 f >ffi«22^P>S iGeft^fi 

*«i*rtT\ s i >i?T f >r««2 2<o^nm»m^m< , 

S i G e^ir*/HSMfi2 4<7^tt*»ffij&S{g;V , >£l^5ft 
a-hft^M^WJ^ »fP«EEttHa>it*fcv^ 10 

[0 0 4 9] ScM, ^mmmm<D Si/SiGe — t- n 
i^DTMOS^ »S i/Si Ge^rng^ 
SMO SFETt <DMM<Dfamz^"Xm,W*T 5 Q 

[0 0 5 0] El 1 4fi, t£#S<7)S i/SiG e^rnjg 
^?rtt6 p f^^;HMO S F E TOS*M?SfllagSr 
^■f-KBH-efcSo mm^irXo^, t£5fc<os i/S 

iGe^fo^^t^MOSFETfl S i 

n + Silh n + S ilOilCxt^^Vt/^f $ 20 
tlftn- Si^^77l^ n- S i y 7 r Jlc7>_Bc 
xt7^r^ /Wftft * *Xfc«£»*G> n Sr*tf S 

iGeft^it S i G e^-Y^/WlO.Bc^t: 0 ^ 

[0 0 5 1] -rn^^v^v«(DS i *-=eg^ 

lija^Wt* SMO S F E T joV^Xfi> V/D^yi^ 30 

m 1 4 Kl7^i-t£^<7) S i/S i G ro^lMO S 
FETfC&^Tte, S iGeft^I^S i^t^^ 

^fT-T So o£ <9 , t^^CO Si/SiGe — X dg^^J 

os i yymfrbmtit£m&\z.ffij&£tiz 0 

[0 0 5 2]— ^^tC, Si/SiGe/^'OArng 40 
*iMOSFETl:*3V^li»c©«l: 5*^ y s> h^fe 

[0 0 5 3] ^ 1 iC, ^^/MIMS i Ge^ifOS i 
[0054JI2C, SiGe-Si PflCOfe^fi^tC 

4ktiS*imx&>Z> 0 so 
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[0 0 5 5] V- bmitm^ML^XS iGef 

[0 0 5 6] w O J: 9 |: x ^rng^lMO S FET 

[0 0 5 7] 115 (a) , ( b ) tt. — S i / 

S i Ge^fn^lMOSFETWfi^ bs<4T* 

KEIT&S 0 IU1 5 (a) ic^-f-J:5^, y 
S i G e H(D^xn|»Sf+jft©»^(C*a$tLS^, El 
rtt, S i hBMkB!^*i--5»»tCfe 

^y-bi«(cits» ict^^yrs&s 
s i *-Y*'?m<o±Mmzwmztt>i±*-Y yrt^tT-r 
Ts in i 5 (b) ^^Rjfitc^-crau si^^y 

l^tTtS^rt y Tl*. «MOS FETtCiottS 

T<^»»£<£>;*:#^s i G e JiSr^fT^Sii^KiJt^S 
^#®)S^^^{-/h^^(Dr% ^fnf^lMOSFE 

ft^lMOSFETH*3V>m 115 (b) IC^-TJ: 
[0 0 5 8] ^rfrUCfctLT, *^PJ60— TDg^lDT 

i#T4m&t&n&mz.migL£tix\<^z>ittbs b 

[0 0 5 9] @ 1 6 (i, W^OS i/S i G e - HD 
TMOSt, «^7D^ISOIMOSFET(: 
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S iGe»HDTMOSCM^(l BWMT**fl= 
' {z^^Xh^^^^^m^tmU^tiX^^^tii- 
[0 0 6 0] Lfc^ot, *!ii(7)HDTMOS|i, 
I^^TO^SMO S F E TlCfc^TRHT-feofcSr 

4f t *^B«r*ftt 5 i i 5. «fcoT, * 

[0 0 6 1] fc*5, S O I WSL±\ZM 10 

IfcHDTMO S Co^Tt^ Lfc^, SOUM 

[0 0 6 2] ^(DHDTMOSIt ^ - h « 

[0063] m2<ommmm) xmrnmrnx^ ^ 20 

Stttt* UTS i G e Sr/fiWcn^-v 

[00641017 (a), (b), ( c ) fi, ^tt^ 
*USK. ^Wl<7)HDTMOS^itM^(OT 

i-spffiia, mi 7 (a) "C^i-xviib-xviib«fttc*5*t5 
^rsui, mi 7 (a) r*^-rxviic-xviicHfc^^5^r 

SBI-CfeSo HI 1 7 ( a ) - ( c ) {Cl^-T J; 5 i-, *n 
MiWHDTMOSIt pf(?)S ilg50t, Si 

timtbjL&mitms 1 s^^^^s 1 <o±ic^ 30 

J*. SOia«©±«S:MtS±»S iR5 2i:, ± 
g|5S iR5 2(Z)±lCUHV-CVDS^ ( t!3x^^v' 
^/^f^f:Si^5/7r!53^ S i/<y7rl 
5 3 <Z)±HUHV-CVD^(Cj:^xt^^y'-v;^l: 
^tlfcSiGei54^ S iGe!54(Dll:UHV 
-CVDjfeHJ: 0^***^*yUJ««£;|XfcS il55 
^^?>«J«$ixTV>So ££>fC, HDTMOSIt S i 

£ »9_t£tfS i 15 2, Si/<y^rJl53, SiGel 

5 4&t>*S i!5 5^9^-hli5 7 

0 aMKW ^«*S6 0 bWt"btLtV^ 0 £fc, 
-hgjSS i 15 2<Dohy — Oat K W 

6 0btoMwS«tt, B5»«Opffli5F«**r*trS i 
^7^fS«6 2i:<i:ot*3^ S i^y7rf5 3(D^ 
*>S i 1^6 2C0iE±(c{4©^6M«{±, 
OpSWi^tpp- SiS«6 3i:ftor^5 e -t so 
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Lt> S i G e J3I5 4 <7) 9 — *i?S^6 0 a t 
>^1«6 0 b tOB<Ofli«fi, WliSWpi^ 
feSrttfS iGef^^S«6 4i^oT^^ Si 

is 5 too -by- h&mms 6toHTt-tetBt-5««ra: 1 

ifi»ff^P^*fi*S:*tf S i yy'me 5 £*oT 
v^o y-h««5 7i:#T>fI86 2i:^«g 

[0 0 6 5] ^fc x 118lt *ISil^HDTMO 
S(0'«ag«r$P>fcf¥aB^i-Wfjffi|g|-e*>So s 
ft^*<k:Jg5 lOfSliftl 0 0 nmtfcU , _L£RS 

iR5 2W»^ttftlOOnmt?fcO, Si^y7rl 
5 3 (Dff.^ytm 1 0 n m-e^ 9 , S iGel54 <7)J¥^. 
fiMfc 1 5 nm-Cfc?K S i R 5 5 COW-W^ 5 n mT'fc 
5 0 Si^f^W6 2(;it S i^y77i53(^x 
t^^^-V^gOffJiC, KftftSjRj 1 x l 0 19 atoms - 
cm- 3 (Dpf» («^tf^n^) s&W^^ffiAt-J: 
9*A$*lT^£ 0 p- Si«6 3C(t in-situ K 
-^(C J: «9 mmtm l X l 0 17 atoms • c m- 3 CO p SS^F 
M» (fc£;itftf;c2» asiSASjh/O^o SiGef 
^^/W««6 4<^Ge#W*fi*?l4 0%-CfcfJ , SiG 
e^-y^^ffl«6 4tCti, in-situ K— ^C±D»«35S 
JKl 1 X 1 0 17 atoms • c m' 3 CO pSPF*** (09x_tf n 

in-situ K— ^"JCIJ: 9»SdSjKJ 1 X 1 0 17 atoms • 
cm- 3 (7?{g:»a<^p^3W» (WtWn^) aS*A£ 
*t-CV*5. M6IW»5 6tt, Sil5 5«ftt 

5: J: ^jaSftfefc© y — h 5 71: 
fix *ffia s #*Jl X 1 0 20 atoms • cm- 3 COnM^ft 

[0 0 6 6] il9fi, Si ^^;^|6 5, S i Ge 
ft^«6 4Mp- S i«*8 6 3£riiifii-5»rffi 

i/S iGe^fnf^C^^'b, Sift 
S i Ge|^pii:K-t'7^Lt^< ^^CJ:^ 

±C5<£>T\ l^SiGeft^«6 4(:ffl^ 

[0067] 0 2 of*, hm«5 7, hmmm 

5 6, Si^ty^i65, SiGeft^W6 

4, p- s i je6 3&t>*s i tfT-imi&G 2 &mmi-z> 

Stb"Cl^«CV^ffiT% S iGeft^/«6 4C0S i 
^r-y y ^« 6 5 JC^-f 5«^Wfflfi«T-*Jlg»^^^^r — 
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*X<5o %z It, y— hfiS5 7 ^ S i R«6 2 £ 

^-f T^«BE*sBiin*tur t>, ht«5 7 t s i ^ 
7*-f««6 2 tttfajaerat:«tt*ciii»six5«>"t?, si 2 

60 L^ot, ISOMOSFETi:*5^tS i^rt 

s>:/Jl6 5 coy- hffijftRs 6K«rt-3«MN;:£CSE 
SteJffl *HJfi^On^ir^/WSlHDTMOS{C^V> 
rt4C5It^„ ^©!ft*, SiGef^S 10 

£ IrI C»*«:3BI»-*-6 r tfS"C# £0>-?fc5 o 
[0 0 6 8] |21(i, $»HDTMO S £ ±|E«£ 
3fc<7>S i ^^IDTMO S £T-L#VHfi«E£*?L 
<t5t^)(^ #^*«<a*#fift»£pb *r*it«x 
HLfcitWKW^iacI d, ^f^ftllb^ 

[E]T*£>£ 0 |^EI<75*:V^«jt8tt%S5^>D TMO S CO KW 
yfSl dSr^U »l/«if«^DTMOS^^r 20 
-fti;«cl b£r^U ^:v^||||^i^:^^coHDTMOS<7) 

O S O^r ^®St I b &7F-t 0 ^(Diy^zi- > 3 > 
II KW>IIId f ^SSlbfc y-hS 
^0. 5^m, y-hM(7)f^Tox^lOnmt'fc 

S i G e -HDTMOSi^(t5S i IK*^^** 
Wtpb filxiO 19 atoms • c irr 3 X\ Vt3&(D S i 
**8^ID TMO S O^f ««^^«»*S p b 
2 x 1 0 17 c rrr 3 £ Lt^5. £fc, ^iHDTMO 30 
S<DS i G e ft*/V««l-*3i'tS^ffi»»Stt, «Jl 
X 1 0 17 atoms • c m" 3 T*&><5 0 

[0 0 6 9] I^HH^i-J; 0 {d, ^IPJOHDTMOS 
i:«ODTMOSK'KK^Hl d<£>y— 

s icijoi/ fi^x >r m?5fc i b dsnffi_hBaja ^ # sietca 

tsy- h'«-f T*fta*> a*©DTMOSl:*JltSfi 
£9fc»0. 2VfcttSK&5 0 o£9, *^WHD 

SicJz^^O. 2V»t»fWJEttH3ft«it*:-#-6. L 

[0 0 7 0] (S3(D^ifi) $l»itit ^ + 

HDTMOS(7)IM{ClOVNT^t6o 
[0 0 7 1] |22lt *H«^filZ)ta*tSHDTMO 
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S^lcOHDTMOSli, pi^SiSglO^ Si 

fcffl«>fc*IMbRl l ir, Sfci**BKfcRl l^±(c^ 
(tbntpft^UHDTMOS (p-DTMOS) 
ffl(D^ft|3 0^ S«>i*^IMfcRl lOlWf) 
ilfcnft^fflDTMOS (n-DTMOS) ffl^) 
^iftl80^tU^5 e *«*i30, 8 011 
i"C*cR«Lfc*l, »2^»ft«»c:fctt5#RfcJ: 
otSfilc^ixri/^, Sfc, HDTMOSH ¥##JI 

3 0, 8 0 W±fC-tix-F*tK*t 6>ftfc*> y a ^BMbRa* 
bft*^- h*6»Rl 6, 56h y-h«16, 
5 6 0>Jtf£^iX**ixRtf- hm>m 1 7 , 5 7 

y-Mftn, 5 7o«a±j--tJx-eixRit6tL 

WK^t-/H8, 5 8 £ *r«;iT^5o ^Lt, 
3 0 <D 0 *>y— Mt«| 1 7 <Z>P5«**CffiR-t--& 

R*tc:riiB«a<Opa!5F«»*r*tpy— -^««2 0 a& 

is owh^- mis 7 <DWimjjic&wt~z>i&mz. 

-f^R*6 0 bJ&SRtt&tL-O**. *»*13 0 

<£>9fc>y — KK yg*S-2 0a, 2 0bWCffitt 

2 2 nS^ffift&^tfn- S i ^ig2 3 

4 teRS<DnS!^«»4r£tf S i ^t^^l2 5 t 

^Rtt^tt-cv^So *i#i8 o<7>5^y— * ■ 

K!/^y«6 0a, 6 0 bfflfcffiR-rSRJjMai ffi 
Mffi^ p SPpkttSr&tf S i tf^V ^ 62^ ffilSS 

©pffl^ie*s:«tfp- s i mm6 3 iss^pi 

^M^£r^trS i Geft^S86 4 (£S*<D P 
S^ttfe&^trs i 5 fcdSRW-feixrv^ 

[0 0 7 2] g^iidfl RffltfiRR9 0£, 

a, 2 0 b, 6 0 a, 6 0 b (C^gfiili-^ = ? b W 

ici^y^- kw vmai9 2 i:^Ritfen-cv^ 
[0073] ::-c, i^lMii^^l^ 
i, m2<ommBmkmw*>z>o 

[0 0 7 4] *H^^C0tettMHDTMOS<OSSigX 

i»^n so ffl-efe«±»s iR»i, 

10 19 atoms • cm- 3 »ffi^K-7 P ^/:n+ S i 
m (p-DTMOSW) t p+ Si| (n-DTMO 
S««) tlC/iotfc^ UHV-CVD^a^xf 

S i^r-r y ^ffifl V>-fttt> as-grown 
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i:4otV^5o w<E>B#, S i/<j/77l^)f^l On 
mt'fc^ SiGeft^I^SWl5nm-Cfc 

S i^^7^i^J¥^5nmt^6 0 *fc. Si 
Ge^t^SW-feltSG e $f*li4 0%t*fcS o 
SiGel, S i*Vry7m<D&g s f$ l &&»TL,tl& 
fC, n-DTMOSa<©S i Ge^^fiSWiElil 
tt, XftftijR) 1 X 1 0 17 atoms • c m- 3 O p SKFttlfedS 

-< tyaAl-«t 5 K— :/£3x5 0 £fc, p-dtmos 
i«ws i g e ^-r*/i^«<Dtt3giai, i x 

10 17 atoms • cm- 3 CDnM^MW^ty?iA^i^ 10 
K-y$tl6 0 7c 7c L > SiGel, Si^r^y^Btt 

^3^^ Mctotgasnr, HDTMOS*®^ 
[0075] r<7)J:5^. »3t*feSrfflv^5r ffi 

*ft»3t*ft"C iSttf 0HDTMO S ^lV>fcCMO 

s * *YtWrrz> r t frx% 5 0 

[0 0 7 6] ^iSfitli, ^-Tr^M"***: S i G e 
kl<fc<9«/&Lfc/^ ^^MWIE&C — jKv) <£>^ 
*P£tfS0. 0 1%— 2% (0»J;ttf$JO. 1%) "CfcSS 30 

ii-x-y Ge x C y {CJ: OMLTt) «fcV\> SiGe^ 

B B 0 f j:^f t y ?iAi: i o t ^ B B B Mo^l l< tev^kfc 

ex C y laotMt^rtia 9 . "T^-V&AlCjg 

[0 0 7 7] H 2 3 **ft*H8oaE»«-e*>S^^r 
^|#Sii-x-y Gex Cy (;i<fcoT«j£Lfct@*i 
i^)HDTMOS^WT'fc5o Pllli-^rfff itte, 
p-DTMOS, n-DTMOS{C^V^t, 111 2 2 40 
tS i Ge»i:ftiTS i G e CIKSrRtf\ SiGef 
t*/*2 4, 6 4(:<UTS iGeCft^« 
2 9, 6 9S:RW-fcfc0rC*>-& o ^^{&^gp»co^ 
fit, 02 2lOTtffi*lHDTMOS(DiiSi:|^i:Tfe 

-So 

[0 0 7 8] H 2 2(d^-r«5g(c*5i^ti, 
t£2*S i Geia Qffif&£tlX\,^Z<DX\ -fai-V&AK: 

SrjErLfc!^ ^M^^fe*^tiM^4x7c«9-r>5^^tL 
is«>5^, ^-lr^^fli««rS IGeCiaotMU so 
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ffl£tiZ<DX\ >f* , vttA«2ijBBg'*-53B*«Jt<o»*L 

[0 0 7 9] /cfcU *^«lfdfeV^-C, ^ir*/W«« 

i:iW«K^imt5»^:il, HiSK^i 
^ ^ */HRJ£ £ <£>Pfl K C £rit ipjf £Ri* 6 r fc ##4 

[0 0 8 0] (i4<OiM) ftlC, nft^SH 
DTMOS©ft^»Sii-y C y (C«t»5*fifcU 

[0 0 8 1 ] 0 2 4 14, S i /S i G e^njfi<g>SB<£> 
m^/i^— y<> KH-CfcSo HHU:*"*-* 51-, Si/ 
S iGe^fn^^LtI^I4, 

[0 0 8 2] 125(1, Si/SiC (Sii- y Cy : 
y^0. 0 2) ^fDg^O^y^-^yKit'fe 
6 0 lnJ0(^i"«fc 5 Si/SiC (S i i- y C y : 
y^0. 0 2) ^n»^*«fflLfc»*fcH:, fi*ff 

(7)r% rix^^jffibr«^^^i:rj65^^iiL7cn^ 

[0 0 8 3] 12 6(1 ^Sfett^ttOn^j^vSiHD 
TMOS^»ffi^?fe5 0 iiC/TtJ: 5 f-, *H!6fl2 
i(DHDTMOS(j:, pi^SiSIllO^ SiS 
Sfcg&ffM' * > Ai" £ * if (DzfrffiK J: «9 £ tbTc 
i*M»fblgl lit, mftjhfrmtiMl l lcQ_blc 
Rl*6;hfc¥*f«il 8 0 ££*L-C^5 0 mil 
8 0H SO I»EO±aBSr«rti-SJi»S iRl 5 2 
±US i IRl 5 201CUHV-C VD&fCj; «9 ^ 
t7 /^I^fc S i 7 7i 1 5 3 ^ Si 

7tM 1 5 3 OiCUHV-CVD&ia «9 ^ t° ^ 
^V^r^Sfi^ilfcS i C (Sii-y C y :y^0. 0 
2) Rl54i, Si Cill 5 4CD_h(CUHV-C VD 
mz& »)3itf^^'>-V/Udcft*iXfcS i Ml 5 5 
*«$ntV^5 0 HDTMOSI4, SiSIl5 
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Mil 5 7 t^m^X^^ 0 -t Lt\ ¥WfttB 1 8 
0, o!U^Siil52, Si^y7rll53, 

5 i Cll 5 i§15 5(D3*)^- Mil 5 

z?y—xmt&i 6 o aMKw^i 6 o bfrmirt 
btix^^o i£t^, ±ass i mi s 2<^9^y-^^ 

i60ai:KK l 6 o b t ©BwJWSti, 

*<opa^*8**r-artrs i tfr^fflSEi 6 2 t^o-cis 

•9, S i/<^/77ll 5 3<OHS i^r^I*16 2 
oil±lceft6I«lt te»*<0pffl*«fc«ratrp 
- S i 6 3 t4otV^ 0 ^LT, S i CJBl 5 

4<D o *>V — *<H*8l 60ai:KW VfflJfi 1 6 0 b £ 

fcttWfiaftopffl^ttttsr-artfS i c 

6 4i:^otio9, S ill55(^H 
hftill 5 6<7>ll[T(-ffi«i-Sffl«fi(£fllfi^p 

fc, hill 5 7 £ S i ^r^^^l 6 2 £ 

W«:««t5*»«»-e*5 = y ^ ^ h (m^^T) fc 

flSRftbft. V— htCl 5 7(D{f«_LfCf4>'y ayj 

[0 0 8 4] r r-c\ i^MiMi i i <7>j*<*j4$j 

1 0 0 n mffe «9 , ±£i$ Sigl52 <Z>J¥^f4^ 10 0 
nmT^^, S i/^777ll5 3.Wf^{i|)10nm 
-0*>«9, SiCll5 40l^l5nmtfc«9, S 
iI15 5(Df^5nmt^^ 0 Si^r^Iil 

6 2(^(4, S i/<y7rll 5 3©xt'^^'>t;^g 
OHtJtC, »ffi35S«j l x 1 0 19 atoms • c m~ 3 <D p M^F^fi 

£ 0 p- SiS«i6 3Clt ilKopSrHKi (fc 

ti^oy) ^A^turi^o s i c^^^jvmm 

1 6 4<DC^^f4j^2%T*&<9, S i Cf"t*/^« 

A£*lTV^ 0 £fc, S i ^y^l 1 6 5tcti % {£28 
Scopi^ (fli^oy) j$^A£*xti^ 0 y 
-MftHWl 5 6tt, Sill5 5«ftt6:^:i: 
J:9»J»3:ftfcfc<B-C*>S. y-hlil5 7 {eft. » 
ffi^ftj l x 1 0 20 atoms • c m" 3 Wnfffii (09*. If 

[0 0 8 5] *3Blfi*tt^J:Si, ^-^*/Hi««rS i 
i ^ t>^>K*+y^s,hS<^o«^*Si*3&$S i 4 
H^^Sii-y C y (***S*1B-Ctty ^ 0. 0 
2) Id.fcoT^/S-rSwiriCj; 19, HI 2 5 {Zjfk^X o 

6* ^O^m. Si/Si C^7D^W5nft 

a>**Mfe»S*iK< LttL^^Ilff^S i 

CDS i /S i C-HDTMOSCj;6^ JtfESS 1 , Sg 
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[0 0 8 6] £^tc, ^*/HWirfi8t«Sii.y 
C y i4, Co***3as5%aK*r«^.4v^ttH^*3i^-c 

[0 0 8 7] 4*3, »2<0|Bte?K«g(C*5t^-C, ^*e*» 
g^It^r £Mc4 19. Si/SiGeg^^S 

10 Sr^tcm^^M c r %> z> r t & rt«* < u 

i/S i C**«©tf«-T-1Br«ic<tf^*:«rt-J-5ri: 
*sr-#So ttt, i /s i c^xng^ffiSr^iJ 

^SHD TMO S Sr*St5 r t nrffi-c?*5 8 

[0088] (m s <nmM<7>mm) &fc x r^^jvmm 

i G e C (Si i-x-y G ex C y ) (C4 9Hfj£Lfc 
WlH DTMOS OtfTC&Sfg 5 O^^iCOV 

20 fftPJi"5 0 

[0 0 8 9] 02 714, Si/SiGeCATPg^ 

S i /S i G e^^ng^aUc:fcV>Tf4, K^^ir 
^ (-^uPfM) (4IU2 4(^tri < 
5i*^**iJft««iF#SH*e:±^*>&t>*u, Si/Sic 
— xnjK^JfPJc*5V^TJ4. /<yW7tyh (-^rnp$ 

s> i4H 2 5 i < c^^fc^fij^e^ 

**Jd^*>fet>ix-6 - ^tllC^U Si/SiGeC 
(S i i-x-y Ge x C y ) ^7 t nS-&SPf-*3V^Tf4, G 
30 e, Ctf>$*npx, y^ii^M-rar £(c4 fi« 

®) 3&S»JS!i**U6o i"4t>*>, i-OS i G e C (Si 
i-x-y Gex Cy ) Jf SrflJ/J? LT\ S^^S iGeCi 
^m^fthtlX S i G e CBrt&jfefirt-S n^-** 
/U-i:, /U^S i G e CmJftlzmt&tbbtlX S i G 

[0 0 9 0] H2 8I4, *IIil<7)HDTMOSWi 

40 COHDTMOSJ4, pSWSiSffi2lO^ SiSi 

*a^*{kK2 llh S«>^BS{tlfi2 1 l<7)±icR 
itibtLfcp^^^/^HDTMOS (p-DTMOS) 

ffl«>**flcs 23ot, mtbj&frmfcm 2 1 1 

itbtl/cnft^^f HDTMOS (n-DTMOS) 

2 8 0*4. zti^timmcMj&ztitz&mnmic&'DX 

[0 0 9 1 ] ¥^^J1 230, 280 (4, SOI ffifi<7) 
so ±tt«r«fiRi-S±»S iK212t, _k£l5S 11212 
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(7)lCUHV-CVDf£CJ: Y) ^ tf* ^>ir /l^ft S*U 
7tS i ^7712 1 3.^ S i^y77l2 1 3W± 

i G e C (Si i- x - y G e x C y :x^?0. 1, y ^ 
0. 04) 1214^, S i Ge C^2 1 4 COJL^UH 
V-CVD&IIJ: *Q^¥?*i/ j rs\'i&m&titiS iflH2 

i 5 3*1-0*5. ffi&&*K4bK2 

1 lOff^fijKjl 0 0 nmX'foV^ Jtgfl S il2120 
I^lOOnmt'fc^ Si/^5/77i2 13(Df 
^lOnmt'fe^ S i GeCl2 1 4 (DfJ^Zt-fejfi) 
15nmt'fc^ Sii2 15rof^ttft5nm-Cfc 

So 

[0 0 9 2] p-DTMOSll Sil215 

*>±icRi*e>*Lfcv!J 3^»{bK^fe*ay-hi»««t 

216^ h^^2 1 6 <7>±KRl* £>*!,*:</— b 

8a2 17iSritt^5 0 ^tt, ¥**12 3 0(0 
^^-htl2 l 7<DH«*{c:ffi«i-SfB«lJ:r±iBJI 

p Sl^ttfe^r-g-tf V — *ffl«6 2 2 0 a SO 5 K M > 
ffl«2 2 0 bi&SK**btt"CV^S. Sfc, _h£l$S i 12 1 
2(D3*>V^««2 2 0 at KW>®^2 2 0 b £ 
<^IBO®«tt, ^^ffi ClJlXlO 10 atoms • cm- 3 ) 
(Dnm^HVO&'a&S i >3?7 !f -<«ttc2 2 2 fc3fcoT*3 
•9, S i/^>77l2 1 30^S i^r>f«2 2 2 

- S i SI* 2 2 3 fcfcoTl^S. tits S i G e Cl 

2 1 4(Oo^y — ^m^L2 2 0 a <b KW lsffi$L2 2 0 
b t<D|B^««tt, ItK^teSS »1X10 17 atoms 
•cm- 3 ) Wnf^^tfS iGeCf^^I^ 
2 2 4 £fcoT*30, Sil215W3^-h»il 

2 l 6^itT«cffi«rs«*ttiS»ft<Onffl^M»Sr* 

tfS i ^^7^12 2 5 i/iotV^ 0 Sfc, Vm 
H217^:Si 7$7*J W&2 2 2h «r«*WJC*«+6 

-M K*a~ ^2 2 7asRt*£>*LT^5 0 
[0 0 9 3] £fc. n-DTMOSli S i m 2 1 5 CD 

±\z»»h*iit->v ^^mitmfrhtzzv- h«2 

56t h feflUR 2 5 6 CD_LtCRtf btHtV— b ffi 

i2 5 7 i*Mt^5 0 *LT\ ^*12 8 0(D5 
*>^- MS2 5 7 WKffl!j*tCfil:fii-5««(Cfiii5»ffi 
^nM^M^^^t?y-^M«2 6 0 aMKWV« 
*£2 6 0 bJ&SRtt<b*i/rv\5 0 JLgflS il212 

OH y — 2 6 0 at KW 2 6 0 b t <D 

m l X l 0 19 atoms - cm- 3 ) CO 
pS^FJBft^tpS i ffi«2 6 2 i4oTti5, 

S i^y77l2 1 3<Do%S i ^7 i >^^2 6 2 (DB. 

i fpi&2 2 6 i:4ot^5. tit, S i G e CK2 1 
4(7) o hy — *ffi.t&2 6 0 a t KM >ffit&2 6 0 b £ 
(Z>ra<0««Ji, Jtt£ftt{g;^g *1X1 0 17 atoms • c 
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rrr 3 ) COpi^MttfS iGeCft^i*2 6 
4i:4oT*5D, SiB215(D3^-h»l25 
6 <0jKT^fi:«i-5««ttiS»K<0 p U^Mfe £<a s 
i^rt^!2 6 5i:^otl^ 0 ^-hffi^2 
5 7 i: S i ^7 ? >f«S«2 6 2 fc«r««»t»afci-5i([#: 

Mi2 5 7C0{HJffi±(Cfi^y ^>mkWkfrbt£Z>V4 
W*—fr2 6 7dSRJtbtfCV^5o 
[0 0 9 4] SfeKl, Mt±|CW:, IMI12 9 0' 
10 «Wi»»K2 9 O&KiiLTy— * • KWvM 

220a, 220b, 260a, 2 6 0 b(CgMf6^ 

^^F29U, 3y^^h2 9il^SiR$iitiB 

I6SJS2 9 0CO±{CMt/5y — ^ • KWVti2 9 2 
[0 0 9 5] *llMm<7)fg*i^H D T MO S O^jgX 

g^ite^-a*, so i s«co— gp-e*>s±ajs i Kfi, 

1 0 19 atoms • cm- 3 (D^Wfaffi K-^Jtlfcn+ S i 
Jf (p-DTMOSW <tp + SiJf (n-DTMO 
20 Sffi«) irlC&oTiS^. UHV-CVD&(Cj:^)xt 0 
^^r^t^I^tlfcS i/^777l, SiGeCS, 
S i ^rty^ltt, V>Tft^a s - g r o w n flXRffi-C 

V*5 0 SiGeCR Si^t77 P l^ef B MW7 
LfcgHC, n-DTMOS«0SiGeCft^I 
«f+i£JC«, fegt&m 1 X 1 0 17 atoms • cm- 3 (Dpl 

^w-f^yaAia^ K-^^ti^o p -d 

TMOSf^S iGeCft^S«©Wifif:ft ft 
ffias*?J 1 X 1 0 17 atoms • c m~ 3 (Dnm^VMfoffiJ 
30 &AfcJ;9 K- So ^tt, ^±®<7)S i Jg|£f& 

Wfc-rswticiij^bixsvy =*^Mitm&?- bm 

y-^ • KM iKSft^pai^H*^ K— :/ 

^fcptiv^- KKy|«^»as*i, 

Ji^-icy-^m^ • KM yfi^^iiaM^ti 
40 5 0 y- hmH<h S i ^>r««ti:dS3^^^ h 

tJ:ot»K*ht, HDTMOSiiS^f)tl5o 
[0 0 9 6] #3at»tt*cj:5t, ft«MSi 
GeC (Sii-x-y Gex C y ) |:«toti«t5^i: 
Id <fc ?> , (O S i G e C (Si i-x-y Gex C y ) 1 

iGeCl^^^t5nft^u^ ^-/^SiG 
e C^F^fdF^C^^^nr S i G e Cl^^Mf6 p 
f + *^i«r»«t5r tt^mtta^), Si/SiG 
e C^fo^^tt^W^HDTMO S 
so 5^t^T^5o f^i^, S 1 OUt^llcfc^TR 
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TPS^ffl^tMO S F ETT'iiLW^ift 
OSlc:Jo^T, K**7-fe .y Hit (^^npf^cojg 

£) as^*j>/j>£<-tfc* ^ft^wci^fyy^ 

[0 0 9 7] *fc, ±^(DX 5*«3S»*r«t^6w tic 
±9, «!*a*5ft*«fe"C, BttSOffiiSHDTMOS 
S:f^»i-5r id*"?**. 

[0 0 9 8] ^jgjfe^ffitCio^TW:, M1(Z)HDTM 

O S [:o^TM Uplifts, *«WWt*IIJK*llBtc|»«S 
ttSt^-CI4*<, Si/SiGeC^fni^Mt 

O S <ofr&m*-tz¥m»mm&VLft 6 r £ 5 r t 

[0 0 9 9] (ff 6<OHj&gj|B) ftfcl* Si/SiGe 
/S i C^f p 8^!:^t5ffiIiH D TMO S 

V^Tte, pft^/H(Dft^»Si/SiGe 

m&s i Ge/s i c^u^m^x^m^-r^o 

[01001 B29lt Si/SiGe/SiC^fn 

■r^M^tfE* L-cfiJffl-r^r i:^T*#5o — s iG 

^j-^-fervy h (^^rumm i>mf&ztiz<DX\ s i c/t 

rco^ptc, m^-, lE^ft^ftf^LT, 

[0101] i30lt *»flwWfHDTMO 

s<Dffim&7FirWTmmx2bz> 0 mm^-tx ? *n 

Wl(7)HDTMOS(t pm<DS i 1 0 t, S 

ftfcffifc&*IMfclK3 lit, lae>^KftR3 no 
iii-ls:^ibnycip^-y^/uMHDTMO s (p -dtm 

OS) ffl^**«:Jl3 3 0 <b, SlfciZ^BKbiBS 1 1 CO 
Hclxftbtlfcnf t^iHDTMOS ( n — DTM 

os) m<n*mftm3 8 o^^ltv^o ¥Wf«f 3 

3 0, 3 8 0f±, ^tt^I^B#tC^^tU7t^il<D^(C 
[0102] ^afltfleJl 330, 3 8 0tt, SOI StROO 



±ffl^«fi£-rS±a5S i!312h _b£|$S ii3l2 
(D±IZU H V - C V D &rlC J: 9 ^ fcf* * i/V /UJ*fi $ ft 
fcSi/^77rl3 13^, S i/<^77f3 1 3(D± 
tCUHV-CVDfcrlCj: 9^t'**V*/Wfci:£ft*:S 
iC (S ii-y C y : y ±? 0 . 015) l314ah 
SiCl3 14a (D±(CUHV-CVD&iCi <9^t°^ 
iGe»3 14bt, SiGel 

3 14 b (7)lCUHV-CVD^(a *>=.\f?*is + /l> 

«*snfcs iR3i 5i^b*a*htv^. 

10 T\ I^iM3 1 1 (Of ^(j:^ 1 0 0 nmt'fc 
9 , ±£B SiH3l2 (OmZhtefc) 1 0 0 n mT*& 9 , S 
i/<^7ri3 1 3(Of^li^l 0 nmTfc^ SiC 
l|3 14a(7)|f^^l5nmtfc^ SiGeH31 

4 b (Dm^nm 1 5 n mT*fc <9 , Si§3l5 C9J?^f* 

[0103] p-DTMOStl S1K315 

316^ M61ME3 l 6 0±^K*t6>ixfey— h 
m^3 1 7 £*«;i-0*S. tit, ¥ift!3 3 0co 
20 9 MI3 17 (Z>H«|*icffi«i-6««lcr4i«« 

*Opffl^««*r*tPV— ^«*3 2 0 aMKWy 
M^3 2 0 b^l£tt<bftTV^ 0 -hgflS il31 

2 CO? — *ffi«3 2 0aiKW V^^3 2 0 b £ 
£>IH<Z>Mctt. i^2§S »1X10 19 atoms • cm" 3 ) 
0>n^*M*£r&fr S i ?#7^®*£3 2 2 ^iot*3 

Si/<i/77i313(DHSi^f^S^322 

- Si«3 2 3 i:^ot^5 0 ^Lt, SiGel3 
14a, SiCl314b(7)3^V^W3 2 0 ai: 

30 k 3 2 0 b t <Dm<Dmmte, ttmfti&mg. 

m 1 X 1 0 17 atoms • cm- 3 ) Wnl^^l^tfS 
iCft^*3 2 4 a, SiGeft^l«3 2 
4bt/iot^^ Si^3 15(0^y-MfiW3 

1 6 ^STlcfiltSSJaiitSS^ n l^^rttf 
Si^t^l 3 2 5 t4oTV^o ^— 

3 1 7 1 s i ^x>r®«3 2 2 tzm^Lmcmm-tzm 

-Mi3 1 7cOftiJ®±tdtt>-y 

K**— ^3 2 7a5ffiW£>ftTl^5o 
40 [0104] ifc, n-DTMOSfi, S il3 1 5(7) 

5 6i:, hibWDi3 5 eojijc^tt^ttfc^- bm 

«3 5 7 ^SrOBx-TV^o 't t"C, ¥»*13 8 00 3 
hlli3 5 7<z>i««*(c:ffi«rs«**-ttiB»* 
(7?nS^F««JS:^tfy — ^««3 6 0 aMKWvR 
«3 6 0 bj&SRtfibJxT^So ISS i^3l2 

<D? — ^^^3 6 0 aH^-f V^i$3 6 0 b <t <D 
m<D&m*. f^^ffi 1 X 1 0 19 atoms - cm' 3 ) CO 

pffl^ttWSrgrtfS i ^x>rffl«3 6 2 i:/«coT*3*). 

50 S i/<y77i31 3WHS i n^'f^m^S 6 2 (Oil 
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i m*&3 2 6 iioTl^, ^LT, SiGeH314 
a, S i CR3 1 4 b(OHy-^«83 6 0 a t Kl^ 
^ 3 6 0 bi: JttkMI&aft OB l 

XI 0 17 atoms - cm- 3 ) Opi^^tf S i 
t^*3 2 4 a, S iGeft*/«3 2 4 bi 
4oT*D, Sii315(DH^h»l3 5 60 

£ S i 3 6 2 t&WmizStt&mtiftttt 10 

S3 5 7<D«BBJb«ctt^y avUftJKd^bftS*^ 

[0105] tsbK, m«L±\a^ mmmm^s 9 0 

3 2 0 a, 3 2 0 b, 360a, 360b (CJKftW £ =» 

y^^F39i^, =t h 3 9 i iz-tgtstztixmm 

ffitl3 9 0(7)±l^(;6y^- KWyfi3 9 2 
[0 10 6] *Il^§(7)|iIlHDTMO S (Ofiitl 20 

mtcjoVNTfi, so i mm<D-nx*frz>±n$ i Bite, 

10 19 atoms • cm- 3 (D^W K-y^tltn+ S i 
Ji (p-DTMOSgi) £p + Sil (n-DTMO 
S«g«) tC^ot^o^ UHV-C VDjfetCj; «9^ct° 
^^Vt/l'SSJnfcS i A^77ls SiCl, Si 
G e IBk Si 3r-Y y^Ili, i/^t) as-grown 

t4otV^5, SiCl, SiGel, Si^ty^S 
^IS^Tlfctl^ n-DTMOSg«Wft 30 
*A*«f+ifitc:fci, x 1 0 17 atoms • cm" 3 

p-DTMOS««Oft*^WiSI:«: % Sffitf* 
1 X 1 0 17 atoms • cm" 3 (On lPF*fi»tfW ^">^A 

tori* K-7 p ^titV^< -Cfc £V\> 
[0 10 7] tt, ^:_UlcOS i ^irs^JBSrllMMb 

1t y hSffii: S i #9* -f«* = HcJzo 
TSlRStuT, DTMOS«igW#P>tt5o 

[0108] ^mmmm^xht, s \ 

/SiGe/Si C^rog^CJ:or«t6:<}r so 
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asflg/fiStbSS i/S i Ge^rog^Cffi 
1"6 S i G ei^pft^uffl^ft^^SSi It, 

J&£tl£S i Ge/S i C^-rn^ffl5(ci£S-T5S i 
Cilrnft^Wt^SWiLt, *:*x-e*xfij 
fflt^r^^t^^o LT, jETL-tix«xfci*J- 

12, «O^T Pg^^ffl^fcMO S F E Tt^L^ 

oT\ SiGe, S iCI^totM^Wft^i 
iS^tt5HDTMOS[^V>T, W^-fc y UK 

[0 10 9] ±3fi(OJ:5^«iS*jfeSrfflv^Sri: 

-r^tiMMTMo s sr^fig-r 5 r t as-o# 5 D 

[0 110] B3 1I1, S i/S i Gej^j? 

S i/S i Cft^»i:Sr*i-S*jtl(6*tt<oaE»« 
(;i:&tt5f@M^<7}HDTMO S KflKiSr^l-^* 

K0-C*>So -<7>4§£\ B 3 0 
*5V^X, SiCB314aiSiGeR314bi:WH 

[0111] (S7(OiWi) . p^^r*^*rs 

^s i/s i Gett-frtt^iewaaoBWci-s^v 

K^-fey h LfcW^r p CMO S ^ 

wfl-c«>5*7<ojai6*iiB^ov^-cttw-r5o *nmm 

*5fe-f, -W^MI SFET«»Sr*LTV^rt36S 
itutlT*£><5 0 

[0112] B32I1 *HfiM^CMOSf^^ 

»S^CMOSr/V^H piOSiS^410t 
S i 1 0 (D±_[cWctfhtifz p^^^j^Mmo S F 

ET (p-MOSFET) fflO**ftl4 3 0, n^-f 

^IMOSFET (n-MOSFET) ffl 

4 8 0 ^tltl^o wwT% ^14 3 0, 4 8 

oi* s *n?frmm£j&f££tiiz&m<Dm\z&<?xmi& 

£tlXl^Z> 0 

[01 13] ¥^f£H 4 3 0, 4 8 0 tt. Si S« 4 1 
0<0±«5(C^$Hfc±ffiS i!412t, ±SB S i Ji 
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4 1 2^±{:UHV-CVD&CJ; 9^ t°^*:y-V/W& 
&£tltzS i ^^7ri4 1 3 ts SiA 7 7ri4 1 

3 cO±CUHV-CVDi£ia^t^^^t^M^ 
tlf:SiGel414h SiGei4 14(Ol(:UH 
V-CVDjfe(IJ;^xt7^^t^fi$tlfcS i§4 

i 5 tfrbffiiiZ£tix\,^ 0 ±Us ii4i2 

(DrnZr-terfoS 0 nmt'fc^ S i^y7rl4 1 301 
^(i^lOnmt'fc^ SiGel4 14Wf^ftl 
5nm-Cfe9, S i^4 1 5^}j:^5 nmtfc5 0 
[0114] ^LT, p-MOSFET(i s Sii41 

1416^ V- hmm^4 1 6C0±tC^(t^tbfcy- 
MS4 17t^T^5 0 ^LT, **#14 3 0 
<£>5*>y~ h««4 1 7WWfilJ*-(Cffl:lt-rs«*^«i« 
»ffi<fcp^F#fi»£r&tf V— ^^4K4 2 0 aMKW 
^ffi«c4 2 0 bdS»!ttbttTV^5 e ±^S i!4 

1 2 CO 5 — 4 2 0 a £ KW^S«4 2 0 b 
£ OW^««fi, fii^g (^J 1 X 1 0 10 atoms ■ c 
m- 3 ) ©ni^Wft^tfS i Jj?f>ffitt4 2 2 tfto 
T*39, Si^5/7rl4130HSi^f^«4 

2 2^e±i:ffilf5S«li, ilftOnlM^ 
frn' Si ffi££4 2 3 t*oTV^ 0 ^LT, S i G e 
J^4 1 4 CD 5 -fbV — *fH*£4 2 0 ai: h'W VfiMjU 2 

0 b **>IB<D«*M\ (&1X10 17 atom 
s - cm- 3 ) Wnl^Mfe^tfS i Gef 

4 2 4 £)fcoT*3!9, Sii4 15(7)H^Fil)l 
4 1 6©BTIuffiit5S«ttft*«©nS^«*^ 
tf S i y^Ji4 2 5 i:4otv>5 0 *fc, h® 
^4 i 7w(B!l®Ji(cttv/y 3yBfcR^645t^ K* 

[0 115] £fc, n-MOSFET(l Sig415 

4 5 6 t, hJ&IMM 5 6<D±{Z&Ltftbtltcff— h 

•S4 5 7 ^:«r«ttl/^o ^Lt, *i*i4 8 0W 

H^Mi4 5 7(z>f^«j*f-ffi:ja-r5««fci^iB» 

S«)ni^(i6ft4:4tfy-^«84 6 0 aMKW> 
tg%4 6 0 btfSRtt&JxT^So £fc N _h£BS i Jf 4 1 
2(D^V-^i*4 6 0 aiKW ^«*C4 6 0 b t 
<Dffl<Dm%L&> iSSit (iKJ 1 X 1 0 19 atoms ■ cm' 3 ) 
©pI^«ft^4tfS i 3K7 f -f«*4 6 2 iftot* 

S i/^5/77l4 13(Ons iJK7>f««4 6 2 
0>ttJ:K:ffiBi-5««tt\ ffiatt<Opffl*«4fe*r£tfp 
- S i«U£4 2 6 t^otV^o ^Lt, S i Ge|4 

1 4(7)Hy-^84 6 0 atKK V^^Jc4 6 0 b 
*G>IBJa>»fc«:, Jfc«tfH6»l£ (I^IIXIO 17 atoms • 
cm- 3 ) W p S^ftftSr^tp S i G e f t 4 6 

4 £tto-C*3<K Sil4 15(OH^hl6W4 5 

6©KTJcffi«i"6«*lifi»Kopffl^«*«r*trS 

5 7W«ffi±JCttS/y =>HftBI*»b<CS*^ K** — 
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/U4 6 7 3ftSR»tb*L , rv^S 0 
[0116] S fel^ «R±|Cf4, if B 1ffi«4 9 0 

JiPfl*6»JK4 9 0«rS:iiUTy-^ • KW>W 
420a, 420b, 460a, 4 6 0 bUStttS^ 
V**h4 9l£, ^V*^ h 4 9 1 KgM%£tLTJlf?ll 
tt8J84 9 0Oll:SWy-^' KW^tHS4 9 2 
iasKltfeftT^S. Sffi^fi, »14 3 

0, 4 8 OSrSVM^itSfc^ h wyf ^«4 9 3 

10 [0117JB33 (a) , (b) Ji, Ztl^tlp*?* 
^WfltDS i/Si Ge^rng^Wnft« 
CDS i/S i G ^n^gpi^ttS^V KflKB*** 
fx^/U^yKiT'fcSo 0 3 3 (a) (d^ihi 5 
pft^fflOS i/S iGe^fnS^toV^ 

5 0 — 133 (b) tc^-Tctplc. 

hfr±t L-C«*^ar^***ix5S i/S i G e — x 

C3g|^gl5tC^VNTt>, SiitSiGel^pIICK 

20 -t?^LT*5< r fcfcij; 6Mi:/^K(Oi(/ 
l£ «fc 5 ^ry->t/W < f3f^£ C 5 <DX\ m^-£rS i 
Geft*/l^«4 6 4tC^C^fe^>r fc^tBtft 
5 0 «tot, Si/SiGeg^MLT, 
i Gel^MCM^ntS i Geirt**fftSn 
^--^/l^, * — i G ejfP^fC^C^^^tLT S 

i G eJH*j£*£?rr5 pft^/uirtrMt^r ir^pj 

[0 118] ^HlfeJKfficOtBM^CMOS^W^COK 

igxs^fev^Tfi. s i asso— &x*&>z>±ns im 

1X1 0 19 atoms • cm- 3 <E>^F*M&#£ K-7 P ^tl/cn + 
S il (p -MOS FETSS) £ p + S i /I (n-M 
OSFETW il:iot^5. Sfc* p-MOSF 
E Tffi*Sfc ^MOSFE TffltKi: SrSv^d^Hii-S^ 
£><D h uyf»i4 9 3 a*K«ffi J; 9 t>±^(-^m-rs 
«t 5 KRtt<b*LTV>5 0 -t<z>SL UHV-CVD&ICJ: 
•9^t 8 ^*i/^/U^cS$ttfcS i /^>^t/1> SiGe 
fflg, Si^t y^Mte. V*"f Jxfc a s - g r o w n CD#t 

40 ot^5, SiGel, Si^t-^lOgM^ 
TLfctglC, n-MOSFETi«WS iGeft^ 
fflttf+ifttCfi. 8S^|!l 1 X 1 0 17 atoms ■ c m" 3 <D p 

MO S F E T^l^ccD SiGe ^ir^SW^fiiSlCtt:* 

1 X 1 0 17 atoms • cm -3 <D n S!^«»3ftW #" 
>&AC:.fc9 K-^^nSo ^Lt, f±l(7)S iflgSr 

BWMb-r s r * i v m btiz » = ^mtm&r- h 
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[0 119] ^HJSff^^S i/S i G eg^gtfSr^-r 
6CMOSr/W^lCi6i, Si/SiGe8^»: 

&z<Dizmfflfj:<&&timf&£tiz>zk\zmnL, si 
/s i g em&*mmi,xmmw}m*-*imx*m l ffimw}t> 

^#^n-MOSFETlr#5r t*S"C*6 0 

T, rcOn-MOSFET^^IJfflLT, t£*J&>£>*D <b*L 

TVn^S i/S i Gei^a^ft6p-MOSFET 

<t^r^iios i s4R±icK»t6r mmmm^m 

X-m>WLmW)Jl<D*i%\,^n -MO S F E Wp-MO S 
F E T CMO S fy<4 X r £ £ 0 

[0 12 0] ft:*b\ *H*?gffiOS i Geft^SS 
(Dftfc'Hc:, CSrO. 0 1%-2% (WttfO. 1%© 
S) $tf S i G e , of ^SiGe C Jf £/B^T <b £ 

[0121] (HUfcx-*) *3BW^I8i-S*a 

[0122] 134 (a) (3, SiGe ^ -V */MB*S<Z> 
GetW^^0% 10%, 2 0%, 3 0%lC^x.T$g 

iDTMOS (^iO^S) tCifc^-C, Ge§t$ 

[0123] ID34 (b) te, WJ(7)HDTMOS £ 

t-^-K7-f^ft#M> Gett*^7^^ 

OHDTMOSicj;^ »(DMOS J: K) fczMef-fSS 

[0124] i35 (a) It Si ^f^I^nW 
^WSNd £r 2 X 1 0 17 c m" 3 , 5 X 1 0 17 c m- 3 , 
1 X 1 0 18 cm- 3 (d^x.-C9JSLfe KMVM I dCT) 

■fc5fc* s i ^f^SWMiM^fK ftStcott 

x\ mcy— h^r^fc^-r^ km >mm i d^{g 

[0125] IU35 (b) fi, WIWHDTMO S 

^7^-^tLT/TtT-^t'fc5 0 034 -(b) d 
/T^tlS^HC, *^(OHDTMOSi:i9, 
WMO S <fc «9 fc^ffiKtBZ^ * g m/^fa± L 

[0126] HI 3 6fi. *^(7)HDTMOS(CO^ 
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Ge^$i:S i >f {ISJw^gfi i: ^/^ - 
«c v dsin^c-t- -5 fc v ^ 5 hw-K*7S:ttfti-sr.fcdS-c 

[0127] DTMOS(C^V>Tfi % ^-fjft* 

10 y = | A Vth | / | A Vbs | 

[0 12 8] DTMOSIC*3V^TH ^X-T^^y— 

otl#f^ 0 hmBE36smK«EVddWfc#, 
VMiMJE^v':? N*A VthKi, it AVth=y • VddM 

20 [0129] t^^c^MO S F ETfi, b s<— K 

"74r?m%, (Vdd-Vth) laotl^So i:r^> 
^ DTMOSWl^Cd h**— /<-K7^^t 

tt, (Vdd-Vth- A Vth= Vdd-Vth- y Vdd) 

[0130] H3 6&ZhZ>b, GettWI^ICT'fcS 
St(T;HDTMOS(7)y 2rit-<£ £ , HDTMOS^ 

1 *^SC0DTMOS(^(t6 h K*7Bff* s 
30 HDTMOS(Ct>^btl6o 

[0131] -2t\ #7 f ^«*ic*3H-65F*6*ai*3ftsra 

C-Cfe^it^COHDTMO S<7)y £#1^5 HDTM 
OS(DGe^$^<fSI5^ L#VHfi«Eri s <6T 
U 7^</ioT^ 0 Cftte, SiGe 

[0 1 3 2] Lfcj&SoT, SiGeft^fflV\ ^ 

TMOSCct^ S i«jg^I(DDTMOS<i:ltV^ 

£lc#£ 0 -tUl, fi»Jx.tf, [H3 6^<DGe : 3 0%>, 
Nd : 1 X 1 0 18 c m- 3 Wyfi:, G e : 0%, Nd : 

2 X 1 0 17 cm" 3 COy i&b %kt^<Z> tt>frZ> 0 
[0133] m 3 7 (2 N MO S (OPP^x — ^) , S i 

/SiGe-MOS (Ge^$30%) (•EflCD^"— 
, Si^g^iDTMOS (DEPCD^— ^) , S 
i/SiGe-HDTMOS (Ge*t*3 0%) (■ 
EP<0^r — #) (Did, Ib-Vg#t^tiT*fca o 
C^T% MOS t S i ^g^lDTMOS^^f^ 
so ffi*{C:fc(t5^«ft»fffi2 X 1 0 17 cm- 3 XhV, S 
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i/S i G e -MO S t S i /S i G e -HDTMO S 

tntfTjmmziotfttmvam&tei x i o ig cm- 3 

T*£>£ 0 (H3 7cD^^>SP^t-^i~J: s i^g 
^IDTMO S (Dfncox-^) Si/SiGe- 
HDTMOS (■Epcox — ^) ir^it^^xb, hm 
aE^»fP«JE«c46«H-CMt, Si/SiGe — HD T 

mo s <Dj?t$ K >1SSc I d^^v^r^r^^^^o 

[0 1 3 4] ID3 8fl s Si^^lDTMOS (□ 
EWf—f) , Si/SiGe - HDTMO S (G 

t$3 0%) (■Ppcox-^) I d-vd$H4£J; <9 

P^tcit^-r^mr^^o isra^-ri si^ 

i^iDTMO S (UtWr — t, Si/SiGe 
-HDTMOS (IPP^f-^) ir£tt-<5£, M#co 
(Vg-Vt (Vth) ) ^^^CMO^tCti, Si/S 
i G e -HDTMOS^ KK ^Mi^fc I dtf^V^ 

[0135] H39(t S i ^^inSDTMO S (□ 
S>C0x — ^) Si/SiGe-HDTMOS (G e 

^$3 0%) m^(Oy"—^) £<DL£lMttmj£<0^ 

5tC hg^O. S^m^T^^T^i, Si/S 

i Ge— HDTMOS ^) CO^S i 

^IDTMO S (DRKO^— ^) <fc «9 t> L#VMgmiE 
Vth^^<li^^ttT^«9 , Si/SiGe-HDTM 

os^v^Tte, M^^^/u^(c*fi-6iifti^r^-hu 

[0136] (^8 (onrnxm) ±mm i-me comm 

T^ffil-^Tte, SiitSiGelXliSiGeCi 

^SIMLTV^^ *mMmm^&\,^Xte, 31^ 
&5**fcS i Jifc*mB*JW»fbLfcS iGelt^lB 

[0137] I40(i, *»l(:^ft5nft^^ 
S! h^S?** i: LT«ffii-*> HDTMO SCO»rffi|g|-e 

piWSiS^5 10^ SiS«5 10(Dj:(:UH 

v-cvdScJ; ( 9^t°^^v'-r/u^:ft$tLfcffl#4s i 

GeH513^ mm S i Gel5 1 3tf>_htCUHV- 

S iGe!514^ Jg?P S iGel514 
CDjhClUH V- C VDf&tCj; Dx^^rv'^^^n 
3lo3S<9M^£S:it3 Sil515 ^^«ric$ntv> 
5o £ blC, HDTMOSIt S i 1 5 (7>_t(CgS:tt 

^rcv-y =>^»f>^5y- hmmms 

h*6»K5 1 6<D±\cnrttb1Mt7- hti5 17 

^litt^o ^LT, HfPS iGe|51 4RXIS 
««tCHii5»ffiC0n^3W«l^tpy-^««5 2 0 a 



fPS iGe§5 1 4^3*)^SS5 2 0 a £ KW 
>««5 2 0 bi:WlHa)S«H n«ft<Z>pS7*Mfe«r 
$tfSiG.e^fl«5 2 4fc4om o tit, 
Sil51 5(D?1by-xmi&5 20 a t KW>W 
5 2 0 b k<Dm<OW$il&+ 3lo«9^£SttT»ilj&s 

^S«5 2 5 (n^*A") i:4otv>S B V 
— MB«5 1 7 £«?PS i Ge^r>fa«5 2 4 kZM 
10 ^C88t5S*Wtfc^y^ h 5 2 6asBW 

[0138] r r T\ S iGeR513IJ, TS» 
Ciolt 6 G e 0 %T'lWl:^lt § G e M 

WS3 0%t*fcSME^^L, »SiGel51 
4(iGe^f^3 0%^-|lMf Ltt^5 0 * 
it, fiftS iGelSl 4(^j?^tt»^^3dS«fij-r-5 
B#f ^±^»^«X.tf 3 0 n m-Cfe 5 , S il5 1 
5(Df^j;^2 0nmT^5o SiGe^S«5 2 
4 i-te, 1 X 1 0 19 atoms ■ c m~ 3 (D p SJ^tt 

£ 0 «&S i G eg|5 1 3<D±ma^ SiGe^ 
I)S5 2 4, y-^. KW^5 2 0 a, 5 2 0 b 

a» fc tt» l mm & i&mm x^ * tit v > 5 a* , «£4 s 

iGels 1 3omry K-^l^^ot^^o * 
Ac, S i^-r-*/Mgi£5 2 5 {Cte, ilSWpl^ 

(^J^if/Kpy) ^^ASntV^o fcfcU Sift 
*^««5 2 5 147^ K-^l-CfeoTfciV^ h 

«H5i6it s iJgs 1 5&«WWbi-*w ^ 

30 ft) 1 X 1 0 20 atoms • c nr 3 <D n 3UF*fi» t ^ 

xny^) a* k— T^axri/^o **** ^-Misi 

7 0«ffiil:il, v-y a^KfbBt^bttSI^-f K**~ 
[0139] 04114, «frS i Ge»>b45*7*-r 
i ^--r*/W*«5 2 5 K*JB«r*-*^=.*/l' 

«i«5 2 5<De*#as<7>=** y rtc^-r^TK^ >->-^/w 

tt, J^X>f**5 2 4Wfi*f«(0^^ y TlC*fri-5 7K 
[0 140] rtb^, nf -r^/KCjol^T^^:^^ 

^cjov^T^4^r-t y T&it?t'tz>s<> K»-e*> 

so [0141] 14214, *HJ£^^^J(-*5JtSH 
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DTMOS«it*fe6 0 HHgUc^i-J; 
0iJ(DHDTMO SJt p %1<D S i Sffi 5 1 0 t , ±IE0 
4 0«wfelt5i:rai:*iac**i-S«»S i G eSH5 1 3 
£ , «£4 S i G e 31 5 3 (75±(^Rtt e>tl±lSIH 4 0 1^*5 
Jt5i:l^i:«iS«rW"*-5«fPS i Gel5 1 jg?P 
SiGel51 4W±iCUHV-C VDj£^J; 9^fc: 0 ^ 
*^*/wa«Sft§|o«!9ffi**gtt6S i!5l5i: 

i Gel5 1 4<D^^mm^*>&?ZA'i~Z>%:¥<Djj&: 
*cj:5»**ixfc»«>a*BMbil5 l iS:»rtt5. * 
Lt, 3lo3g9 3I^£gtt5 S ifig5 1 5(0±jCfi % ± 

[0 14 2] 
[0 143] 

ft^iSV^T- P g^lCMO S * 

[mi] fae3fc©DTMoso*jt«r**tt^+KffiH 

[0 2] «*ODTMOS<o*3SS:«S;W^i-3pffiB| 

[El 3] (a) , (b) , (c) 14, *;|X«TJW^ 35 
0, HI 3 (a) T^-riIIb-IIIb||(C43(j- EI 

3 (a) -e^-riiic-nic*ft{c*3it5Wfffiia-e*>So 

[B4] JBlOSIll£*tt<OHDTMOS05«JtS:S6^ 
[0 5] Si^rty7'i ) SiGeft^W(/n 

[0 6] Ki<oSaS»lBJc:j3*t6y— h««^bS 

[117] #^Opfir^SHDTMOS^ 

pf^SDTMost^K^yta, tf^mflt 
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[08] $MOHDTMO S i:«WDTMO S 

[09] ^(DHDTMOSI^V^T, ^- hl^rf 
[Ell 0] t^^cOS i ^g^lDTMOSCioV^r, 

[Bill H9, 0 1 0OT-^^f)*:feP)n5*«^ 
(DHDTMOSi:, «ODTMOS £ <7> L # V HfifltJE 
coy- hfft#tt^^tit*fc6 0 

[Ell 2] ^lPJ(7)HDTMOS(7)y- b'<-< T*-# 

[il3] »l^Jfi»ffi(O^W*c«St£*B6Jl:Jl* 
UltfcHDTMOS^J^f»r®itfc5 0 
20 [Ell 4] t**^S i/S iGeAfPg^tt6p 
ft*/HMO S F E T0&£ttfttt£fr^i~lffffiH"? 

[Ell 5] (a), (b) It -»W4Si/SiGe 

^fpg^iMos FETwgy- h/wr^ft i«y 

[Ell 6] ^(DHDTMOSi:, t^CD-^u^^ 
SSO IMOS FET(C:iott5^7n^^^:&J;t>^ 

30 it coy— h^-r T^ft#t££7jW-0T*£>s o 

[Ell 7] (a) , (b) , (c) it **L«X«C, 
X 2 ^Ilil^HDTMO S CO^it^m^^^^-T¥ 
®E1> EI 17 (a) T*^:-rXVIIb-XVIIb^JC4^tt^^T® 
El, Ell 7 (a) T^i-XVIIc-XVIIc»lC*3ltSWfffiBI 

[Ell 8] g 2 (DUMOH D TMO S OMSr $ P> 

[Ell 9] SiGeft^SW 

40 h ^^rT^/u^r— KBIT?*) So 

[02 0] *2^*Jt»*^*3JtSy— h««J&»G>S i 

K*ii«:*i-^.*^— 'O KB-C*>*. 
[02 1] «P^OHDTMO S i:»DTMO S i: 

[02 2] i 3 COI Wlg(Dtiffif H D TMO S <7)^ig 
so &7jk-fWrffimx*3bZ> 0 
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[023] m3<Dnmj&m<D&mmx~3bz> s 7'**ji>mm 

^Sii.x-y Gex C y iCiotffjStfctiffiMWHD 

[124] Si/SiGe^fp^tolt^yK 
ISit^i-^*/^— '< % s KH"C*><5. 

[125] Si/SiC (Sii-y C y :y^0. 0 
2) ^^n^gtfO^/U^— s<> KiT'fc^o 

[12 6] »4^3llfeJgffi<On^ir^^SHDTMOS 

[12 7] S i / S i G e C^f Pi^Mit6^y 

[12 8] !B5(D3ll6^ffiWHDTMOS^«ig«:^-r 

[12 9] S i/S iGe/S iC^fng^«|c*5lj- 

[13 0] ^6 ^ffiM^ffiiiHDTMO S 

[13 1] Si/Si G e ^ o*pPir Si/Si Cgg-g-ffl 
fcife#i-5JB6Ojl**«<Z>**«I^Jt5|0«a!HD 

So 

[13 2] ^7C0^ifeMS^CMOS^^^C0^it^r 

[13 3] (a) , (b) f± % ^r^tbp^^^/ufflco 
Si/SiG e^rni^Mt/nft^ffl^S i / 
S i Ge^7 t Dg|'&«fI5t-*5(t^^>' K«5a*r^-t"3=.-*^ 

[13 4] (a) , (b) fi, ft^IS^Gett 

Vg^fe^lt, ^C0HDTMOSt«<OMOSt(7) 

[135] (a), (b) ii, ^**/i^*<©*««« 
VgKl $»HDTMOS t«WMOS 



[13 6] ^0^(7)HDTMOS(COV^T, #7=^2 
«*yi:L#v^«JEio*BBBB»«r, G e 

[l37]MOS, Si/SiGe-MOS (Ge^^t 
$3 0%) , Si*^iDTMOS, Si/SiG 
e-HDTMOS (G e 3 0%) Old, I b- 

[138] Si^g^SDTMOS, Si/SiGe 
-HDTMOS (Getfl"$30%) (OI d-Vd« 

£ «fc «9P^a(ctt:fei-^ir*fe5o 

[139] Si^^fDTMOSh Si/SiG 
e-HDTMOS (Ge^$30%) t<DM^^^^ 

[14 0] ^8C0^M^^jo^^>n^^^yUM h7> 
v*** £ Ltilt5HDTMOS^®ir*fe5o 
[14 1] HftS i Gel^645#f-f««i, §|o 

[14 2] » 8 Wi^f ^jlC^lj- 5 H D TMO 
S«®|t^5 0 



1 0 

1 1 

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

2 0a 
2 0b 
2 2 

2 3 

1 8 

G ^ 



S i g>R 

1SS i JK 

S i/^777l 

SiGel 

s i m 

y- hififtR 
Mi 

n- Si 
S y — ^ 
- h 



1] 



| Si02 


poly-Si 








p \ 






Buried Oxide 


p"Si Sub. 




[15] 



Si 



25 



SiGe 



24 



Si 



V 

23 



Sub 



(24) 



%?m2 001-210831 



ims] 



[miu 




-1.5 -1 -0.5 0 



Si vs Si/SiGe DTMOS 
f -Y$:'-0. 5/i m 
Tox : lOnm 
SiGe:40% 
TSiGe : 15nn 



0.5 



Id (Si/SiGe DTMOS) 

Ib(Si/SiGe DTMOS) 

Id (Si DTMOS) 

Ib (Si DTMOS) 



m 



0.4 
0.3 
0.2 
0.1 
0 

-0. 1 
-0.2 
-0. 3 



• Si DTMOS 
nb:2E17 

• Si/SiGe DTMOS 
nb:iE19 



0.1 1 



[HI9] 



012] 




-1 -0. 5 0 



i o] 



0.5 




Si/SiGe DTMOS 
nb:lE19 
Tox : lOnm 
Wg/Lg:20 



Lg=2. Omk 

Lg=l. 0/i ra 

Lg=0. 5 u m 

Lg=0. 25 m m 

Lg=0. 1 u in 



Si DTMOS 
nb:2E17 
Tox: lOnm 
Wg/Lg:20 



Lg=2. 0/im 

Lg=l. 0 ^ m 

Lg=0. 5 ^ m 

Lg=0. 25 n m 

Lg=0. 1 ix ra 



-1 -0. 5 0 

**-K47X(V) 



0.5 




-0.5 0 



0.5 



[II 1 4] 

**-^l£(p + poly-Si) 




Siglfc 



n*SiJg 



Si*t?7* 
SiGeft^/Vjg 



rTSi**7HS 



(25) 



&m 2001-210831 




(26) 



WBfl 2001-210831 




[02 7] 



12 1] 




r-«:0.5Mm 
Tox: lOnm 
Ge:40% 
TSiGe:l5nm 
pc:lE17cm" 3 



0 0.5 1 



1.5 



•Id(Si/SiGe DTMOS) 

•Ib(Si/SiGe DTMOS) 
pb: IE 19cm" 3 

•Id (Si DTMOS) 

•lb (Si DTMOS) 
pb:5E17cm" 3 



Si SiGeC Si 



J L 



[129] 



mm*® 



Si SiGe SiC Si 



12 2] 



n-DTMOS 



67 57 




92 



13 1] 



M h - 1 "-! 



- — 90 Si SiGe Si SiC 



Si 



(27) 



mm 2001-2108 



[i23] [12136] 





[(U3 0] 



p-DTMOS n-DTMOS 

392 




322 324a 325 362 364a 365 



ftffl 2001-210831 



103 2] 



p-MOSFET n-MOSFET 

492 





(b) 



"A r 



Si SiGe 



Si 



465 464 463 



im 3 8 ] 




-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 -0.6 -0.6 -0.4 -0.3 -0.2 -0.1 0.0 
Vd <V) Vd (V) 



m 



[m3 9] 

-0.05,— , . . 


-0.10 




m si„0« M HDTMOS(l^oiKio ,, cm J ) 
□ 81 DTMOS {N-2x1 0"cm'*) 


-0.15 
-0.20 








i 


















-0.25 




k 




















-0.30 
-0.35 













0.0 



0.5 1.0 1.6 

**-Ht L Urn) 



2.0 



2.5 



(29) 



WBfl 2001-210831 



[03 4] 



Ge:0% 

Lg=0.5um 
Vd=*30QmV 

Btmos" 

Mfas&at.k 
63.0 ! 




Ge:10% 



Ge:20% 



Ge:30% 




fmVfttec.) fe«yj j[mV/dec.) 
-0.6-0.4-0.20.0 0.2-0.6-0.4-0.20.0 0.2-0.6-0.4-0.20.0 0.2-0.6-0.4-0.20.0 0.2 

Vg(V) Vg(V) Vg(V) Vg (V) 



Id-Vg#i4 



HDTMOS nn MPS 




-0.8 -0.6 -0.4 -0.2 0.0 0.2-0.8 -0.6 -0.4 -0.2 0.0 0.2 
Vg-Vt (V) Vg-Vt (V) 

gm-Vg4#t£ 



ftrffl 2001-210831 



im3 5] 



1E-4 
1E-5 
1E-6 
(a) 1E-7 

^ 1E-8 
< 1E-9 
2 1E-10 
1E-11 
1E-12 
1E-13 
1E-14 



N n =2x10 17 cm' 3 



HDTMOS S factor 
62.0 
/mV/dec.) 



tg=0.5ptm 

Ge:30% 

Vd=-300mV 



HDTMOS 
S factor 
61,0 i 
(mV/decJj 



N n =1x10 18 cm* 



HDTMOS 

S factor 
61 0 ... 
(mV/dec.) 




-0.6-0.4-0.2 0.0 0.2-0.6-0.4-0.2 0.0 0.2-0.6-0.4-0.2 0.0 0.2 
Vg (V) Vg (V) Vg (V) 



HDTMOS 



(b) | 



Lg=0.5nm 

0*:3O% 

Vd=-300mV| 




80 
70 
60 
50 
40 
30 
20 
10 



MOS 



Lg=0.5p.m 

Ge:30% 

Vd=-30l0mV 





— O- N 0 =2x10"cm J 




— O— N | =6x10 , W 
— A — N D =1x10"cm J 






-0.8 -0.6 -0.4 -0.2 0.0 0.2-0.8 -0.6 -0.4 -0.2 0.0 0.2 
Vg-Vt (V) Vg-Vt (V) 



gm-Vg#t£ 



(31) 



2001-210831 




(51)Int.Cl. 



■BUB* 



F I 

H 0 1 L 29/78 



6 1 3 A 

6 1 8 B 

6 1 8 E 

6 2 6 Z 



